Introduction Injuries of the posterolateral corner (PLC) of the knee are rare. They are difficult to diagnose and can cause severe disability. This study presents the 20-to 70-month clinical and radiological outcomes of the anatomical reconstruction technique of LaPrade et al. Materials and methods Twenty-one patients with chronic PLC injuries underwent anatomical PLC reconstruction. The anatomical locations of the popliteus tendon, fibular collateral ligament, and popliteofibular ligament were reconstructed using a 2-graft technique. The patients were evaluated subjectively with the Tegner, Lysholm, and International Knee Documentation Committee (IKDC) subjective knee scores and objectively with the IKDC objective scores; additionally, varus stress radiographs were taken to evaluate knee stability. Results Significant (p \ 0.05) improvements were observed in the postoperative Lysholm, IKDC-s, and Tegner scores compared with preoperatively. The IKDC objective subscores (lateral joint opening at 20°of knee extension, external rotation at 30°and 90°, and the reverse pivot-shift test) had improved significantly at the time of the final 40.9 ± 13.7-month follow-up. Lateral compartment opening on the varus stress radiographs had decreased significantly in the postoperative period. However, there was still a significant difference compared with the uninjured knee. There was no significant improvement in the IKDC-s, Lysholm, or Tegner scores between the nine patients with isolated PLC injuries and twelve with multiligament injuries. Conclusions Significant improvement in the objective knee stability scores and clinical outcomes with anatomical reconstruction showed that this technique can be used to treat patients with chronic PLC injured knees. However, longer-term multicentre studies and studies with larger groups comparing multiple techniques are required to determine the best treatment method for PLC injuries.
Introduction
Posterolateral corner injuries, which are rare, result from high-energy trauma with hyperextension and varus or external rotation forces affecting the knee, causing posterolateral rotatory instability and posterolateral tibial subluxation [1] . Because of the anatomical complexity, the diagnosis of a posterolateral corner (PLC) injury can be elusive unless there is a high degree of clinical suspicion of a possible injury in this region and other injured ligaments [2, 3] .
The lateral collateral ligament (LCL), popliteofibular ligament (PFL), and popliteus muscle and tendon (PM and PT) restrain both posterolateral rotation of the tibia and varus opening forces to stabilise the knee. These structures are the main components stabilising the PLC [4] . Several techniques for reconstructing PLC injuries have been described [5, 6] . The anatomical reconstruction technique described by LaPrade et al. seems to be superior, as it reconstructs/reinforces the LCL, PT, and PFL [7] . The technique is based on the attachment anatomy of the three main structures that stabilise both the varus and rotational laxity components of PLC injuries. Only a few studies have evaluated the outcomes of this technique prospectively and the additional value of the technique [8] [9] [10] . To our knowledge, this the second study to evaluate the LaPrade technique outside the LaPrade clinic; we evaluated more patients than the first prospective study by van der Wal et al. did [10] .
This prospective study evaluated the clinical and radiological outcomes of the anatomical reconstruction technique described by LaPrade et al. for PLC injuries of the knee. We hypothesised that the LaPrade technique for reconstructing PLC injuries results in improved knee stability, making it the preferred method.
Materials and methods
The local ethics committee approved this study, and informed consent was obtained from all participating patients. This study included 24 patients with chronic posterolateral corner injuries who underwent PLC reconstruction as described by LaPrade et al. [7] between 2006 and 2013. Chronic injuries were defined as injuries that were treated operatively at least 6 weeks after the injury. Exclusion criteria were patients with a previous peroneal nerve neuropathy, popliteal artery injury, or previous walking disabilities, those older than 65 years, and those with grade 4 osteoarthritis according to the Outerbridge classification or connective-tissue diseases, and those with a previous osteotomy or an indication for an osteotomy for varus malalignment assessed on long leg radiographs.
Patient demographics, time from injury to surgery, grade of the PLC injury according to Hughston et al. [11] , and concomitant injuries (anterior (ACL) and posterior (PCL) cruciate ligament ruptures, meniscal lesions) were recorded. International Knee Documentation Committee (IKDC) objective knee score subgroups [12] (lateral joint opening at 20°under varus stress, external rotation degree at 30°and 90°, and posterolateral rotatory subluxation on the reverse pivot-shift test) and subjective clinical scores (IKDC-s, Tegner, and Lysholm knee scores) were recorded. Varus stress radiographs were measured using the method described by Heesterbeek et al. [13] in the supine position with the leg in 0°extension. The lateral compartment opening was determined as the angle between the tangent to the femoral condyles and the line through the deepest tibial joint surfaces and measurements were made to the nearest 0.1°. Standing anteroposterior and lateral radiographs and magnetic resonance imaging (MRI) were obtained for all patients.
Twenty-four patients underwent posterolateral knee reconstruction to treat chronic posterolateral knee instability, and follow-up data were available for 21. The average age of the patients was 31.1 ± 9.2 years at the time of the surgery. Patients included 15 (71.4 %) males and six (28.6 %) females. The right knee was injured in 16 (76.1 %) patients, and the left in five (23.8 %) . The time interval between the injury and reconstruction was 8.8 ± 4.3 months. Patients were followed for an average of 40.9 ± 13.7 months postoperatively.
According to grading described by Hughston et al. [11] ; nine patients had a clinical grade III PLC injury ([10 mm varus and/or [10°rotational instability), and twelve had a severe grade II-PLC injury (varus instability of 5-10 mm and/or rotational instability of [10°).
Twelve of the patients had concomitant ligament injuries (six ACL injuries, four PCL injuries, and two combined ACL-PCL injuries) that were reconstructed in the same session. Three patients had lateral meniscal tear and partial meniscectomy was performed. Two patients had peroneal nerve damage at presentation that recovered completely with no residual damage. Two patients had drop-foot after reconstruction that also recovered completely without any damage. Four patients had previously had failed isolated ACL reconstruction. Additionally, four patients had previous failed repairs before the reconstruction.
Five of the injuries occurred during sporting activities, 13 resulted from traffic accidents, two involved falls from heights, and one cause was unknown.
The PLC was reconstructed using the technique described by LaPrade et al. [5] . A standard lateral incision was performed; long and short heads of biceps femoris and iliotibial band was identified. Second incision was made parallel and posterior to the long head of biceps femoris. Common peroneal nerve was identified and retracted. A blunt dissection from the interval between the common peroneal nerve and the long head of the biceps femoris was made to reach to the posterolateral aspect of the tibia, posteromedial aspect of the fibular styloid and the posterior tibial popliteal sulcus. Then, insertion sites of PFL and fibular collateral ligament (FCL) were identified on posteromedial and lateral aspect of fibula, respectively.
The fibular and tibial bony tunnels were then drilled by using the cannulated PCL femoral tunnel-aiming device (Arthrex Inc, Naples, Fla). A 7-mm fibular tunnel was reamed through the insertion site of FCL to the insertion site of PFL. Then, a 9-mm tibial tunnel was prepared through Gerdy's tubercle to posterior tibial popliteal sulcus in an anteroposterior direction.
For femoral tunnels, a horizontal incision was made from intermuscular septum to the proximal part of Gerdy's tubercle. Femoral insertion sites of FCL and PT was identified and two femoral tunnels were drilled using PCL femoral aiming device (Arthrex Inc, Naples, Fla) on these insertion sites. A 9-mm. tunnel with a depth of 20 mm. was then reamed over each guide pin. The bone bridge between the two tunnels was approximately 8-9 mm in width.
Two allografts were prepared for reconstruction. The first one, which was passed through tibial tunnel, was used for PT reconstruction. Then the second graft, which was passed through iliotibial band, biceps femoris and then passed through fibular tunnel, was used for FCL and PFL reconstruction. Finally, the grafts were fixed and tightened with bioabsorbable interference screws (Arthrex Inc, Naples, Fla).
On the first postoperative day, a varus/valgus stabilising brace was applied, and the reconstructed grafts were protected by immobilisation for the first 4 weeks postoperatively. Isometric quadriceps-strengthening exercises and patella mobilisation were initiated. Weight bearing was allowed as tolerated. Four weeks postoperatively, flexion of the knee as tolerated was permitted. Closed-chain kinetic exercises were started at 6-8 weeks. Stationary cycling, stair-stepping, and single-leg stance were allowed at 10-12 weeks. Full squatting was prohibited until 3 months postoperatively; swimming and fast walking were allowed at 4-5 months. Return to full activity was allowed 6 months postoperatively.
Patients were recalled for a final follow-up at 2-6 years. The final IKDC objective subscores, subjective clinical score forms, and postoperative varus stress radiographs were compared with the preoperative results. At the final follow-up; all patients underwent MRI of the injured knee to identify rerupture, meniscal lesions and cartilage defects.
Statistical analysis
Data are expressed as the median (range) or mean ± standard deviation, depending on the variable distribution. Normality was assessed using the Shapiro-Wilk test. The data were compared using the Mann-Whitney U test or Wilcoxon test, as appropriate, and p values \0.05 were considered significant. IBM SPSS ver. 22.0 for Windows was used for the statistical analyses.
Results
There was a significant improvement in the postoperative Lysholm, IKDC-s, and Tegner scores compared with preoperatively (p \ 0.05). The postoperative Lysholm score improved from 50 (24-70) to 80 (60-94) (p \ 0.005), the IKDC-s score from 34 (14-52) to 64 (46-97) (p \ 0.005) (Fig. 1) . The Tegner score was also improved from 2 (0-4) to 4 (2-7) (p \ 0.005).
The IKDC objective subscores (lateral joint opening at 20°knee extension, external rotation at 30°and 90°, and the reverse pivot-shift test) had improved significantly at the time of the final follow-up (p \ 0.005) (Fig. 2 ). There were no additional cartilage defects and meniscal lesions in the postoperative period.
The lateral compartment opening on the varus stress radiographs decreased significantly (p \ 0.005) from 10.4 (6.8-14.8) preoperatively to 5.1 (0.5-8.4) postoperatively, although the score was still significantly (p = 0.04) higher than that for the uninjured knee, which had a score of 2.9 (0.9-6.1).
There was no significant (all p [ 0.05) improvement in the IKDC-s, Lysholm, or Tegner score between patients with isolated PLC injury and those with multi-ligament injuries ( Table 1) .
Discussion
This study found that the anatomic PLC reconstruction technique described by LaPrade et al. [5] resulted in significant improvement in patients with PLC injuries.
Recent anatomical and biomechanical studies have demonstrated the effects of the PLC components on knee function. The LCL is the most important primary static stabiliser of the PLC for preventing varus instability of the knee during the initial 0°-30°of flexion [14] . The PM and PT complex confer static and dynamic stabilisation against posterolateral rotation of the knee, and the PFL is an important stabiliser of external rotation [15, 16] . Additionally, the iliotibial band confers knee stability against varus opening forces [16] . Consequently, reconstructing the three main stabilisers (the LCL, PT, and PFL) based on their quantitative attachment anatomy is important for providing varus stability and limiting posterolateral translation in patients with PLC instability. Various surgical techniques for reconstructing the posterolateral corner have been reported. Some non-anatomical techniques give good results. Hughston [11] reported a method that moved the arcuate complex with bone advancement, and Clancy [17] described a method of rerouting the biceps tendon to the lateral epicondyle with excellent results. Nevertheless, anatomical reconstruction techniques are more effective at restoring stability and reducing postoperative limitations on knee motion [18] . Kim et al. [19] described the single fibula and double femoral sling method that was recommended for PLC injuries with its simplicity and anatomical reconstruction. We think that the posterolateral corner reconstruction technique described by LaPrade et al. [7] is closest to the native situation. By reconstructing the PT, PFL, and FCL based on their attachment anatomy, the surgeon is able to restore static laxity under varus and external rotation.
In an in vitro biomechanical study, LaPrade et al. [20] tested 10 cadaver specimens in three states (intact knee, grade III injury, reconstructed knee) and found no difference between the intact and reconstructed knees in terms of varus translation and external rotation forces. Yoon et al. [21] reconstructed PLC injuries with the posterolateral corner sling procedure in 25 patients and performed anatomic reconstructive surgery in 21 patients. After 12 months, they found that anatomic reconstruction of the posterolateral corner resulted in less varus laxity and tibial external rotation compared with the non-anatomical posterolateral corner sling procedure. In a two-centre outcome study, LaPrade et al. [9] analysed 54 patients with grade 3 chronic posterolateral instability. After 4.3 years, they found significant IKDC objective score improvement for varus opening at 20°, external rotation at 30°, reverse pivot shift, and single-leg hop. Similarly, we found a significant improvement in terms of the IKDC objective scores. This supports the notion that the reconstruction of PLC injuries using an anatomical technique provides added value in terms of knee stability.
A significant improvement was achieved in subjective clinical scores. Several studies evaluated patients using subjective clinical scores, and all found similar significant improvements. In a prospective study of 29 patients with grade 3 PLC injuries, the IKDC scores improved from 21.9 to 81.4 points and from 29.1 to 81.5 points [8] . In an another prospective study performed by van der Wal et al. [10] , 16 patients underwent PLC reconstruction with the LaPrade technique. Those authors reported significant improvements in the Tegner score, from 2.0 (0-4) to 3.5 (0-8), the Lysholm score, from 58.5 (0-82) to 82 (16-100), and IKDC-s, from 44 (11-55) to 67 . LaPrade et al. [9] found significant improvement using the Cincinnati score in their study discussed above. Based on the significant improvement seen in all studies, including ours, we believe that anatomical reconstruction with this technique would improve the clinical outcomes in terms of the subjective clinical scores. Varus laxity was evaluated by using both the varus stress test and stress radiographs. We consider varus stress radiographs to be more objective measurements than a clinical examination using varus stress tests. As discussed above, van der Wal et al. [10] found a significant decrease in the median opening of the lateral compartment on stress radiographs from 9.6°(6.6-17.1) to 6.3°(0. 3-13.4 ). In agreement with our results, however, they noted that the postoperative varus laxity did not return to the level of the uninjured knee. Geeslin et al. [8] also evaluated the varus laxity with stress radiographs and obtained better results than ours or those of van der Wal et al. [10] Their lateral compartment gap was 0.1 mm, whereas the preoperative gap was 6.2 mm. They also found improved stability on the uninjured side. The difference between our results and those of Geeslin et al. [6] may be related to the relative short-term outcomes of their study or to the fact that the patient group they investigated had undergone various surgeries, including a repair, a reconstruction, or both.
The posterolateral corner structures of the knee interact functionally with both cruciate ligaments. Markolf et al. [22] found that varus loading resulted in increased force on the intact ACL after cutting the posterolateral corner structures. Zantop et al. [23] found that; additional LCL injury with ACL rupture significantly increased the anterior rotational instability of the knee. Mauro et al. [24] examined the force on PCL grafts in 10 cadaveric knees and found an increased risk of graft failure due to increased in situ force in the PLC-deficient knee. Unrecognised or untreated associated injuries of the knee might cause failure of the reconstruction and negatively affect the clinical outcome. Pacheco et al. [25] retrospectively reviewed the hospital records of 68 patients with posterolateral corner knee injuries and found that the correct diagnosis, including injury to the posterolateral corner, had been made only in 34 patients (50 %). Therefore, when knee instability occurs, a careful history and physical examination must be done to avoid missing the diagnosis of an injured ligament. The lateral gutter drive-through sign may be used in diagnosing the PLC injuries with additional posteromedial structures and cruciate ligament injuries [26] . In our study, the outcomes of the isolated PLC injury and combined injury (ACL, PCL, or both injured) groups did not differ, similar to other comparable studies [8] [9] [10] . These combined injuries would have a negative effect on the clinical outcome, but the reconstruction of concurrent injuries in the same session would improve knee stability, as with isolated PLC injuries. In a study performed by Lee et al. [27] , 7 patients with PLC and PCL injury had stable knees and showed no complications after reconstruction. In our view, a careful history, physical examination, and imaging to avoid misdiagnosis are the most important parts of the treatment procedure.
There are some limitations to this study. The major limitation is the lack of a comparison group treated with a technique other than PLC reconstruction. A randomised double-blind treatment protocol comparing this with another technique would be better for determining the optimal treatment method. Consequently, we cannot unequivocally state that the LaPrade technique has better results than other techniques have. However, based on the results of biomechanical and anatomical studies, we prefer this technique for all patients over any non-anatomical technique. Another weakness of our study is the concurrent ligament injuries, which might affect the outcomes. Although our results showed no difference between the multi-ligament injury and isolated injury groups, a group consisting only of isolated PLC injuries would be better for evaluating the technique. However, patients with isolated PLC injuries are uncommon, making it difficult to obtain an optimal sample size. Another weakness is the small size and variety of the cohort. Nevertheless, to our knowledge, this is the largest prospective series conducted outside LaPrade's clinic.
In conclusion, the anatomical reconstruction technique resulted in significant improvement in the objective knee stability scores and subjective knee scores. Unfortunately, the injured knees were not as stable as the uninjured side. Nevertheless, the clinical and functional results indicate that this anatomical reconstruction technique can be used to treat patients with chronic PLC knee injuries. Therefore, possible consequences of the chronic injury with instability can be avoid. Longer-term results from multicentre studies with larger sample sizes comparing the method with other techniques are required to decide the best method for treating PLC injuries.
Complaince with ethical standards
Conflicts of interest None.
